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(57) ABSTRACT

A liquid crystal display device includes: first and second
substrates; a gate line and a data line on an inner surface of the
first substrate; a thin film transistor connected to the gate line
and the data line; a plurality of pixel electrodes and a plurality
of common electrodes in the pixel region; a color filter layer
on an inner surface of the second substrate; a black stripe and
a column spacer on the color filter layer, the black stripe
having a first thickness and the column spacer having a sec-
ond thickness greater than the first thickness, and the black
stripe corresponding to the gate line; and a liquid crystal layer
between the first and second substrates.

19 Claims, 10 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

This application claims the priority and the benefit under
35 U.S.C. §119(a) on Korean Patent Application No.
10-2011-0068728, filed on Jul. 20, 2011, the entire contents
of which are hereby incorporated by reference.

BACKGROUND

1. Field of the Invention

The present disclosure relates to a liquid crystal display
device, and more particularly, to a liquid crystal display
device and a method of fabricating the liquid crystal display
device where fabrication process is simplified.

2. Discussion of the Related Art

Recently, a liquid crystal display (LCD) device has been in
the spotlight because the LCD has high value added due to its
low-power consumption and good portability.

An active matrix liquid crystal display (AM-LCD) device,
which includes thin film transistors as a switching device for
a plurality of pixels, has been widely used due to its high
resolution and superiority in displaying moving images.

In general, the LCD device is fabricated through an array
substrate process for forming a thin film transistor and a pixel
electrode on an array substrate, a color filter substrate process
for forming a color filter layer and a common electrode on a
color filter substrate and a cell process for forming a liquid
crystal layer between the array substrate and the color filter
substrate.

FIG. 1 is a cross-sectional view showing a liquid crystal
display device according to the related art. In FIG. 1, a liquid
crystal display (LCD) device 35 according to the related art
includes an array substrate 40, a color filter substrate 70 and
a liquid crystal layer 90. The array substrate 40 and the color
filter substrate 70 face and are spaced apart from each other,
and the liquid crystal layer 90 is between the array substrate
40 and the color filter substrate 70.

A gate electrode 45 and a gate line 43 are formed on an
inner surface of the array substrate 40, and a gate insulating
layer 47 is formed on the gate electrode 45 and the gate line
43. A semiconductor layer 50 including an active layer 50a
and an ohmic contact layer 505 is formed on the gate insulat-
ing layer 47 over the gate electrode 45, and source and drain
electrodes 58 and 60 are formed on the semiconductor layer
50. The source and drain electrode 58 and 60 contact the
ohmic contact layer 505 and are spaced apart from each other.

In addition, a passivation layer 63 is formed on the source
and drain electrodes 58 and 60, and a pixel electrode 67 of a
transparent conductive material is formed on the passivation
layer 63. The passivation layer 63 has a drain contact hole 65
exposing the drain electrode 60 and the pixel electrode 67 is
connected to the drain electrode 60 through the drain contact
hole 65.

A black matrix 73 of a lattice shape having a plurality of
openings is formed on an inner surface of the color filter
substrate 70, and a color filter layer 76 including red, green
and blue color filters 76a, 765 and 76c¢ is formed on the black
matrix 73. The red, green and blue color filters 76a, 765 and
76¢ are sequentially disposed in the plurality of openings. A
common electrode 79 of a transparent conductive material is
formed on the color filter layer 76. In addition, a plurality of
column spacers 83 are formed on the common electrode 79.
The plurality of column spacers 63 are spaced apart from one
another and contact the common electrode 79 and the passi-
vation layer 63.

10

15

20

25

30

35

40

45

50

55

60

65

2

Although not shown, an orientation layer for an initial
alignment ofliquid crystal molecules is formed on each of the
pixel electrode 67 of the array substrate 40 and the common
electrode 79 of the color filter substrate 70. A liquid crystal
layer 90 is formed between the orientation layers of the array
substrate 40 and the color filter substrate 70.

Inthe LCD device 35, the pixel electrode 67 is formed over
the array substrate 40 and the common electrode 79 is formed
over the color filter substrate 70 such that the liquid crystal
molecules of the liquid crystal layer 90 are driven by a vertical
electric field generate between the pixel electrode 79 and the
common electrode 79.

Recently, an in-plane switching (IPS) mode LCD device,
where the pixel electrode and the common electrode are
formed over the array substrate and the black matrix, the color
filter layer, the overcoat layer and the column spacer are
formed over the color filter substrate, has been suggested. In
the IPS mode LCD device, since the liquid crystal molecules
of the liquid crystal layer are driven by a horizontal electric
field between the pixel electrode and the common electrode,
a property in a viewing angle is improved.

The color filter substrate for the LCD device according to
the related art may be fabricated through a five-mask process.
For example, the color filter substrate for the IPS mode LCD
device may be fabricated through a five-mask process includ-
ing: a step of forming the black matrix (a first mask process);
steps of forming the red, green and blue color filters for the
color filter layer (second to fourth mask processes); and a step
of forming the column spacer (a fifth mask process) without
a step of forming the common electrode.

The mask process may be defined by a photolithographic
process and an etching process. For example, the mask pro-
cess may include a plurality of unit steps such as a step of
forming a photoresist layer having a photosensitivity on a
material layer over a substrate, a step of irradiating a light
onto the photoresist layer through a photomask having a
transmissive area and a blocking area, a step of developing the
irradiated photoresist layer to form a photoresist pattern, a
step of etching the material layer using the photoresist pattern
as an etching mask, and a step of stripping the photoresist
pattern.

Accordingly, the mask process requires a plurality of appa-
ratuses for the plurality of unit steps and a plurality of mate-
rials for the plurality of unit steps. In addition, it takes much
time to perform the plurality of unit steps for the mask pro-
cess. Since the mask process includes the plurality of unit
steps, increase in number of the mask process causes increase
in fabrication cost and fabrication time. For the purpose of
reducing fabrication cost and improving productivity of the
LCD device, it is required to reduce the number of the mask
process.

BRIEF SUMMARY

A liquid crystal display device includes: first and second
substrates facing and spaced apart from each other; a gate line
and a data line on an inner surface of the first substrate, the
gate line and the data line crossing each other to define a pixel
region; a thin film transistor connected to the gate line and the
data line; a plurality of pixel electrodes and a plurality of
common electrodes in the pixel region, the plurality of pixel
electrodes and the plurality of common electrodes alternating
with each other; a color filter layer on an inner surface of the
second substrate, the color filter layer including red, green
and blue color filters; a black stripe and a column spacer on
the color filter layer, the black stripe having a first thickness
and the column spacer having a second thickness greater than
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the first thickness, and the black stripe corresponding to the
gate line; and a liquid crystal layer between the first and
second substrates.

In another aspect, a three-dimensional image display sys-
tem includes: a liquid crystal display device including: first
and second substrates facing and spaced apart from each
other: a gate line and a data line on an inner surface of the first
substrate, the gate line and the data line crossing each other to
define a pixel region; a thin film transistor connected to the
gate line and the data line; a plurality of pixel electrodes and
a plurality of common electrodes in the pixel region, the
plurality of pixel electrodes and the plurality of common
electrodes alternating with each other; a color filter layer on
an inner surface of the second substrate, the color filter layer
including red, green and blue color filters; a black stripe and
a column spacer on the color filter layer, the black stripe
having a first thickness and the column spacer having a sec-
ond thickness greater than the first thickness, and the black
stripe corresponding to the gate line; and a liquid crystal layer
between the first and second substrates; and a patterned
retarder on an outer surface of the second substrate, the pat-
terned retarder including first and second regions alternating
with each other, wherein the black stripe corresponds to a
border portion between the first and second regions.

In another aspect, a method of fabricating a liquid crystal
display device includes: forming a gate line and a data line on
a first substrate, the gate line and the data line crossing each
other to define a pixel region; forming a thin film transistor
connected to the gate line and the data line; forming a plural-
ity of pixel electrodes and a plurality of common electrodes in
the pixel region, the plurality of pixel electrodes and the
plurality of common electrodes alternating with each other;
forming a color filter layer on a second substrate, the color
filter layer including red, green and blue color filters; forming
ablack stripe and a column spacer on the color filter layer, the
black stripe having a first thickness and the column spacer
having a second thickness greater than the first thickness;
attaching the first and second substrates such that the black
stripe is between the first and second substrates and the black
stripe corresponds to the gate line; and forming a liquid crys-
tal layer between the first and second substrates.

In another aspect, a method of fabricating a three-dimen-
sional image display system includes: forming a gate line and
a data line on a first substrate, the gate line and the data line
crossing each other to define a pixel region; forming a thin
film transistor connected to the gate line and the data line;
forming a plurality of pixel electrodes and a plurality of
common electrodes in the pixel region, the plurality of pixel
electrodes and the plurality of common electrodes alternating
with each other; forming a color filter layer on a second
substrate, the color filter layer including red, green and blue
color filters; forming a black stripe and a column spacer on the
color filter layer, the black stripe having a first thickness and
the column spacer having a second thickness greater than the
first thickness; attaching the first and second substrates such
that the black stripe is between the first and second substrates
and the black stripe corresponds to the gate line; forming a
liquid crystal layer between the first and second substrates;
and attaching a patterned retarder on an outer surface of the
second substrate, the patterned retarder including first and
second regions alternating with each other, wherein the black
stripe corresponds to a border portion between the first and
second regions.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

35

40

45

50

4
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a cross-sectional view showing a liquid crystal
display device according to the related art;

FIG. 2 is a plan view showing a liquid crystal display
device according to an embodiment of the present invention;

FIG. 3 is a cross-sectional view taken along a line I1I-I1T of
FIG. 2;

FIG. 4 is a cross-sectional view taken along a line IV-IV of
FIG. 2;

FIGS. 5A to 5D are cross-sectional views, which are taken
along a line III-111 of FIG. 2, showing a method of fabricating
a color filter substrate for a liquid crystal display device
according to an embodiment of the present invention;

FIGS. 6A to 6D are cross-sectional views, which are taken
along a line IV-IV of FIG. 2, showing a method of fabricating
a color filter substrate for a liquid crystal display device
according to an embodiment of the present invention;

FIG. 7 is an exploded perspective view showing a three-
dimensional image display system according to an embodi-
ment of the present invention;

FIG. 8 is a cross-sectional view showing a patterned
retarder for a three-dimensional image display system
according to the related art; and

FIG. 9 is a cross-sectional view showing a patterned
retarder for a three-dimensional image display system
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

Reference will now be made in detail to the embodiments,
examples of which are illustrated in the accompanying draw-
ings.

FIG. 2 is a plan view showing a liquid crystal display
device according to an embodiment of the present invention,
FIG. 3 is a cross-sectional view taken along a line III-1II of
FIG. 2, and FIG. 4 is a cross-sectional view taken along a line
IV-IV of FIG. 2.

In FIGS. 2, 3 and 4, a liquid crystal display device 101
includes a first substrate 102, a second substrate 180 and a
liquid crystal layer 190 between the first and second sub-
strates 102 and 180. The first and second substrates 102 and
180 face into and are spaced apart from each other. In addi-
tion, the first substrate 102 having a plurality of elements such
as a gate line, a data line and a thin film transistor may be
referred to as an array substrate, and a second substrate 180
having a plurality of elements such as a color filter layer, an
overcoat layer and a column spacer may be referred to as a
color filter substrates.

A gate line 103 and a gate electrode 105 are formed on an
inner surface of the first substrate 102. The gate electrode 105
is connected to the gate line 103. Although the gate electrode
105 protrudes from the gate line 103 in FIG. 2, the gate line
itself may function as the gate electrode in another embodi-
ment.

A common line 109 and an auxiliary common line 110 are
formed on the inner surface of the first substrate 102. The
common line 109 may be parallel to and spaced apart from the
gate line 103, and the auxiliary common line 110 may extend
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from the common line 109 and may be disposed in a boundary
portion of a pixel region P. In addition, the auxiliary common
line 110 may be parallel to and adjacent to a data line 130 in
a border portion of the adjacent pixel regions P.

The gate line 103, the gate electrode 105, the common line
109 and the auxiliary common line 110 may include at least
one of metallic materials such as aluminum (Al), aluminum
alloy (e.g., aluminum neodymium (AINd)), copper (Cu), cop-
per alloy, molybdenum (Mo) and molybdenum alloy (e.g.,
molybdenum titanium (MoTi)) and may have a single-lay-
ered structure or a multiple-layered structure. For example,
the gate line 103, the gate electrode 105, the common line 109
and the auxiliary common line 110 may have a single-layered
structure in FIGS. 2, 3 and 4.

A gate insulating layer 115 is formed on the gate line 103,
the gate electrode 105, the common line 109 and the auxiliary
common line 110. The gate insulating layer 115 may include
an inorganic insulating material such as silicon oxide (SiO,)
and silicon nitride (SiNx). In addition, a semiconductor layer
120 is formed on the gate insulating layer 115 over the gate
electrode 105. The semiconductor layer 120 may include an
active layer 1204 of intrinsic amorphous silicon and an ohmic
contact layer 1205 of an impurity-doped amorphous silicon.
The ohmic contact layer 1205 includes two portions spaced
apart from each other on the active layer 120a.

Source and drain electrodes 133 and 136 are formed on the
semiconductor layer 120. The source and drain electrodes
133 and 136 are spaced apart from each other on the two
portions of the ohmic contact layer 1205 to expose the active
layer 120q. In addition, the source electrode 133 may have a
bar shape and the drain electrode 136 may have a “U” shape
over the gate electrode 105. Alternatively, the source elec-
trode 133 may have a “U” shape and the drain electrode 136
may have a bar shape over the gate electrode 105. Accord-
ingly, a channel defined by a portion of the active layer 120a
exposed between the source and drain electrodes 133 and 136
may have a “U” shape. The shapes of the source and drain
electrodes 133 and 136 may vary in another embodiment.
Further, the drain electrode 136 may extend to the common
line 109 to constitute a storage capacitor StgC with the com-
mon line 109.

The gate electrode 105, the gate insulating layer 115, the
semiconductor layer 120 including the active layer 120a and
the ohmic contact layer 1205, the source electrode 133 and
the drain electrode 136 constitute a thin film transistor (TFT)
Tr of a switching element.

A data line 130 is formed on the gate insulating layer 115.
The data line 130 crosses the gate line 103 to define the pixel
region P. In addition, the data line 130 is connected to the
source electrode 133.

First and second dummy patterns 121a and 12156 are
sequentially formed between the gate insulating layer 115
and the data line 130. The first dummy pattern 1214 has the
same layer and the same material as the active layer 120qa, and
the second dummy pattern 1215 has the same layer and the
same material, as the ohmic contact layer 1205. The first and
second dummy patterns 121a and 1215 are formed according
to a fabrication process for the array substrate. For example,
the first and second dummy patterns 121a and 1215 may be
formed when the semiconductor layer 120, the source elec-
trode 133, the drain electrode 136 and the data line 130 are
patterned by using a single photomask. In another embodi-
ment where a photomask for the semiconductor layer is dif-
ferent from a photomask for the source electrode, the drain
electrode and the data line, the first and second dummy pat-
terns 121a and 1215 may be omitted.
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A passivation layer 140 is formed on the source electrode
133, the drain electrode 136 and the data line 130. The pas-
sivation layer 140 may include an organic insulating material
such as benzocyclobutene (BCB) and acrylic resin. In addi-
tion, the passivation layer 140 may have a flat top surface so
that the first substrate 102 having the TFT Tr can be pla-
narized. An additional passivation layer of an inorganic insu-
lating material such as silicon oxide (SiO,) and silicon nitride
(SiNx) may be formed between the TFT Tr and the passiva-
tion layer 140. The passivation layer 140 has a drain contact
hole 147 exposing the drain electrode 136, and the passivation
layer 140 and the gate insulating layer 115 have a common
contact hole 149 exposing the auxiliary common line 110.

A plurality of pixel electrodes 170 are formed on the pas-
sivation layer 140 in the pixel region P. The plurality of pixel
electrodes 170 may include a metallic material such as
molybdenum (Mo), molybdenum titanium (MoTi) and tita-
nium (T1). In addition, the plurality of pixel electrodes 170 are
connected to the drain electrode 136 through the drain contact
hole 147. The plurality of pixel electrodes 170 each having a
bar shape are spaced apart from one another and end portions
of the plurality of pixel electrodes 170 are connected to one
another by an auxiliary pixel pattern 169.

Further, a plurality of common electrodes 173a and 1735
alternating with the plurality of pixel electrodes 170 are
formed on the passivation layer 140 in the pixel region P. The
plurality of common electrodes 173a and 1735 may have the
same material and the same layer as the plurality of pixel
electrodes 170. In addition, the plurality of common elec-
trodes 173a and 1736 are connected to the auxiliary common
line 110 through the common contact hole 149. The plurality
of common electrodes 173a and 1735 each having a bar shape
are spaced apart from one another and end portions of the
plurality of common electrodes 173a and 1735 are connected
to one another by an auxiliary common pattern 172.

An outermost common electrode 173a of the plurality of
common electrodes 173a and 1735 is disposed at a boundary
portion of the pixel region P. The outermost common elec-
trode 173a overlaps the auxiliary common line 110 and the
data line 130. As a result, the outermost common electrode
173a covers and shields a gap region between the data line
130 and the auxiliary common line 110 so that light through
the gap region can be blocked by the outermost common
electrode 173a and a light leakage can be prevented.

The data line 130, the plurality of common lines 173a and
1735 and the pixel electrode 170 have a bent shape symmetri-
cal with respect to a horizontal central line of the pixel region
P. For example, each of the data line 130, the plurality of
common lines 1734 and 1735 and the pixel electrode 170 may
have a bent portion along the horizontal central line. As a
result, the pixel region P may have two domains so that
deterioration such as a color shift according to an azimuthal
angle can be prevented. In another embodiment, the data line
130, the plurality of common lines 173a and 1735 and the
pixel electrode 170 may have a bent portion along a line
different from the horizontal central line.

A color filter layer 183 including red, green and blue color
filters 183a, 1835 and 183c¢ is formed on an inner surface of
the second substrate 180. Each of the red, green and blue color
filters 183a, 1835 and 183¢ corresponds to the pixel region P
and the red, green and blue color filters 183a, 1835 and 183¢
are disposed sequentially and repeatedly. Boundaries among
the red, green and blue color filters 183a, 1836 and 183c¢
correspond to the gate line 103 and the data line 130 disposed
at the boundary portion of the pixel region P.

An overcoat layer 185 is formed on the color filter layer
183. The overcoat layer 185 may include a transparent
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organic material such as benzocyclobutene (BCB) and acrylic
resin. In addition, the overcoat layer 185 may have a thickness
of'about 2 pum to about 4 um and may have a flat top surface.
The overcoat layer 185 may be omitted in another embodi-
ment.

Further, a black stripe 187 and a column spacer 189 are
formed on the overcoat layer 185. The black stripe 187 has a
first thickness and corresponds to the gate line 103 and the
common line 109. For example, the black stripe 187 may
completely cover the gate line 103 and the common line 109.
The column spacer 189 has a pillar shape and has a second
thickness greater than the first thickness. The second thick-
ness may correspond to a gap distance between the first and
second substrates 102 and 180 and the gap distance between
the first and second substrates 102 and 108 may be kept
constant by the column spacer 189.

The black stripe 187 and the column spacer 189 may
include a photosensitive organic material having a black pig-
ment. As a result, the black stripe 187 may function as a black
matrix that blocks light. In addition, the black stripe 187 and
the column spacer 189 are formed through a single mask
process. Since the color filter substrate is fabricated without
forming a black matrix, fabrication process for the color filter
substrate is simplified and fabrication cost for the color filter
substrate is reduced due to reduction in the number of mask
processes.

A method of fabricating a color filter substrate for an LCD
device according to an embodiment of the present invention
will be illustrated hereinafter.

FIGS. 5A to 5D are cross-sectional views, which are taken
along a line III-111 of FIG. 2, showing a method of fabricating
a color filter substrate for a liquid crystal display device
according to an embodiment of the present invention, and
FIGS. 6A to 6D are cross-sectional views, which are taken
along a line IV-IV of FIG. 2, showing a method of fabricating
a color filter substrate for a liquid crystal display device
according to an embodiment of the present invention.

In FIGS. 5A and 6A, a red photoresist (PR) (not shown) is
coated on an entire surface of a second substrate 180 to form
ared PR layer (not shown) and the red PR layer is patterned
through a first mask process to form a red color filter 183a.
Next, agreen PR (not shown) is coated on the entire surface of
the second substrate 180 having the red color filter 1834 to
form a green PR layer (not shown) and the green PR layer is
patterned through a second mask process to form a green
color filter 18354. Similarly, a blue PR (not shown) is coated on
the entire surface of the second substrate 180 having the red
and green color filters 183a and 1835 to form a blue PR layer
(not shown) and the blue PR layer is patterned through a third
mask process to form a blue color filter 183¢ (of FIG. 2).

As aresult, a color filter layer 183 including the red, green
and blue color filters 1834, 1835 and 183c¢ is formed on the
second substrate 180. The red, green and blue color filters
183a, 1835 and 183c¢ are disposed sequentially and repeat-
edly. In addition, each of the red, green and blue color filters
183a, 1835 and 183¢ corresponds to the pixel region P, and a
border among the red, green and blue color filters 183a, 1835
corresponds to a boundary of the pixel region P.

In FIGS. 5B and 6B, a transparent organic material such as
benzocyclobutene (BCB) and acrylic resin is coated on the
entire surface of the second substrate 180 having the color
filter layer 183 to form an overcoat layer 185 having a flat top
surface on the color filter layer 183.

In FIGS. 5C and 6C, a photosensitive organic material
having a black pigment is coated on an entire surface of the
second substrate 180 having the color filter layer 183 and the
overcoat layer 185 to form a black PR layer 186. For example,
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the photosensitive organic material may include a PR having
a black pigment. Next, a photomask 195 having a blocking
area BA, a transmissive area TA and a half-transmissive area
HTA is disposed over the black PR layer 186. A transmittance
of the half-transmissive area HTA is greater than a transmit-
tance of the blocking area BA and is smaller than a transmit-
tance of the transmissive area TA. For example, the transmit-
tance of the half-transmissive area HTA may be within a
range of about 10% to about 90% of the transmittance of the
transmissive area TA.

In addition, the black PR layer 186 may have a negative
photosensitive type where an irradiated portion remains and a
non-irradiated portion is removed after development. When
the black PR layer 186 has a negative photosensitive type, the
photomask 195 may be disposed such that the transmissive
area TA corresponds to the column spacer 189 (of FIG. 4) and
the half-transmissive area HTA corresponds to the black
stripe 187 (of FIG. 4). The blocking area corresponds to the
other portion where the black PR layer 186 is removed.

Next, a light is irradiated onto the black PR layer 186
through the photomask 195. The step of irradiating a light
onto the black PR layer 186 may be referred to as a diffraction
exposure or a halftone exposure.

In FIGS. 5D and 6D, the black PR layer 186 is developed to
form a black stripe 187 having a first thickness and a column
spacer 189 having a second thickness greater than the first
thickness on the overcoat layer 185 and the color filter sub-
strate is completed. The black stripe 187 may correspond to
the gate line 103 (of FIG. 2) and the common line 109 (of FIG.
2), and the column spacer 189 may have a pillar shape.

After the color filter substrate is completed, a seal pattern
(not shown) is formed on one of the first substrate 102 (of
FIGS. 3 and 4) and the second substrate 180. Next, the first
and second substrates 102 and 180 are attached to each other
and a liquid crystal layer 190 is formed between the first and
second substrates 102 and 180.

Since the black stripe 187 of an organic material including
a black pigment functions as a black matrix for blocking a
light, a light leakage may be prevented without a black matrix
in the LCD device including the color filter substrate accord-
ing to the present invention. In addition, since a step of form-
ing a black matrix is omitted, a number of mask process for
the LCD device including the color filter substrate according
to the present invention is reduced. As a result, fabrication
process is simplified and fabrication cost including material
cost is reduced.

Recently, the LCD device has been widely used for a three-
dimensional (3D) image display system.

FIG. 7 is an exploded perspective view showing a three-
dimensional image display system according to an embodi-
ment of the present invention.

In FIG. 7, a three-dimensional image display system 201
includes a liquid crystal display (LCD) device 101, a pat-
terned retarder 240 on an outer surface of the LCD device 101
and a pair of glasses 245 selectively transmitting images from
the LCD device 101 through the patterned retarder 240.
Although not shown, first and second polarizing plates are
formed on outer surfaces of the LCD device 101, respectively.
A polarization axis of the first polarizing plate may be per-
pendicular to a polarization axis of the second polarizing
plate. The LCD device 101 may include the first and second
substrates 102 and 180 (of FIG. 3), a liquid crystal layer 190
(of FIG. 3) between the first and second substrates 102 and
180 and a backlight unit (not shown) under the first substrate
102. The LCD device 101 may have odd and even pixel rows
(not shown) alternating with each other.



US 9,256,011 B2

9

The patterned retarder 240 may be formed of a birefractive
material and may have first and second regions 241a and 2415
alternating with each other. The first and second regions 241a
and 2415 may correspond to the odd and even pixel rows,
respectively, of the LCD device 101. In addition, the first and
second regions 241a and 2415 may differently change polar-
ization states of light passing through the second polarizing
plate of the LCD device 101. For example, the first region
241a may change the linearly polarized light passing through
the second polarizing plate to a left-handed circularly polar-
ized light and the second region 2415 may change the linearly
polarized light passing through the second polarizing plate to
a right-handed circularly polarized light.

The patterned retarder 240 may have a phase difference of
A4 (quarter wave). In addition, an optical axis of the pat-
terned retarder 240 may have one of about +45° and about
-45° with respect to a transmission axis of the second polar-
izing plate of the LCD device 101.

For example, the pixels in the odd pixel rows of the liquid
crystal display device 101 may display a left-eye image and
the pixels in the even pixel rows of the liquid crystal display
device 101 may display a right-eye image. Accordingly, the
left-handed circularly polarized light of the left-eye image
may be emitted from the first region 2414 corresponding to
the odd pixel rows and the right-handed circularly polarized
light of the right-eye image may be emitted from the second
region 2415 corresponding to the even pixel rows.

The pair of glasses 245 includes lenses 245q and 2455 of a
transparent glass, retardation films 250a and 25056 each hav-
ing a phase difference of A/4 (quarter wave) and polarizing
films (not shown). For example, a left-eye retardation film of
A4 250a and a left-eye polarizing film (not shown) may be
sequentially formed on an inner surface of a left-eye lens
245q, and a right-eye retardation film of A/4 2506 and a
right-eye polarizing film (not shown) may be sequentially
formed on an inner surface of a right-eye lens 24556. Each of
the retardation films 250a and 2505 of A/4 changes the circu-
larly polarized light into a linearly polarized light, and each of
the polarizing films and filters the linearly polarized light
according to a polarization axis.

As a result, when a user wearing the pair of glasses 245
watches the images displayed by the LCD device 101 through
the patterned retarder 240, the left-eye image and the right-
eye image selectively pass through the pair of glasses 245 and
the user recognizes a three-dimensional image by combining
the left-eye image and the right-eye image. For example, the
left-eye lens 2454, the left-eye retardation film 250a and the
left-eye polarizing film may transmit the left-eye image and
may block the right-eye image. In addition, the right-eye lens
245p, the right-eye retardation film 2505 and the right-eye
polarizing film may transmit the right-eye image and may
block the left-eye image.

The patterned retarder 240 is one of the most important
elements for the three-dimensional image display system
201. However, since fabrication process for a patterned
retarder according to the related art is complicated, the pat-
terned retarder according to the related art may cause increase
in fabrication cost for a three-dimensional image display
system.

FIG. 8 is a cross-sectional view showing a patterned
retarder for a three-dimensional image display system
according to the related art, and FIG. 9 is a cross-sectional
view showing a patterned retarder for a three-dimensional
image display system according to an embodiment of the
present invention.

In FIG. 8, a patterned retarder 340 according to the related
art includes a base film 300, a light shielding pattern 310 and
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a retarder material layer 341. The light shielding pattern 310
is formed on the base film 300, and the retarder material layer
341 is formed on the light shielding pattern 310. The retarder
material layer 341 includes first and second regions 3414 and
3415 alternating with each other, and the light shielding pat-
tern 310 corresponds to a border portion between the first and
second regions 341a and 3415. The first and second region
341a and 3415 differently change polarization states of light.
For example, the first region 341a may change the linearly
polarized light to a left-handed circularly polarized light, and
the second region 3415 may change the linearly polarized
light to a right-handed circularly polarized light. The light
shielding pattern 310 blocks a left-eye image and a right-eye
image passing through the border portion to prevent a three-
dimensional cross-talk caused by mixing of the left-eye
image and the right-eye image.

Accordingly, the patterned retarder 340 according to the
related art may be fabricated through a step of forming the
light shielding pattern 310, a step of forming the first region
341a of the retarder material layer 341 and a step of forming
the second region 3415 of the retarder material layer 341.

InFIG. 9, a patterned retarder 240 according to an embodi-
ment of the present invention includes a base film 200 and a
retardation material layer 241 on the base film 200. The
retarder material layer 241 includes first and second regions
241a and 2415 alternating with each other. Since a light
shielding pattern is omitted in the patterned retarder 240, the
patterned retarder 240 according to an embodiment of the
present invention has a simplified fabrication process and a
reduced fabrication cost as compared with the patterned
retarder 340 according to the related art. As a result, produc-
tion cost for the three-dimensional image display system is
reduced.

In a color filter substrate for a liquid crystal display device
according to an embodiment of the present invention, a black
stripe 187 that is simultaneously formed with a column spacer
189 has a width corresponding to a width of the light shielding
pattern 310 of the patterned retarder 340 according to the
related art. In addition, the black stripe 187 is disposed to
correspond to a border portion between first and second
regions 241a and 2415 of the patterned retarder 240 accord-
ing to the present invention. Accordingly, the black stripe 187
of the color filter substrate may be used as a light shielding
pattern of a patterned retarder.

For example, the black stripe 187 may be formed to corre-
spond to the gate line and the common line such that the black
stripe 187 of the color filter substrate according to the present
invention has the same shape as the light shielding pattern of
the patterned retarder according to the related art. Accord-
ingly, the black stripe 187 of the color filter substrate may
function as the light shielding pattern of the patterned
retarder.

Consequentially, in a three-dimensional image display sys-
tem including a liquid crystal display device, a patterned
retarder and a pair of glasses and a method of fabricating the
three-dimensional image display system, a black stripe and a
column spacer are formed in the liquid crystal display device
through a single mask process and a light shielding pattern in
the patterned retarder is omitted. Since the black stripe func-
tions as the light shielding pattern, a three-dimensional cross-
talk is prevented in the three-dimensional image display sys-
tem without the light shielding pattern. In addition, since the
light shielding pattern is omitted without increase in fabrica-
tion steps for the liquid crystal display device, fabrication
process for the three-dimensional image display system is
simplified and fabrication cost is reduced.
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It will be apparent to those skilled in the art that various
modifications and variations can be made in a liquid crystal
display device and a method of fabricating the liquid crystal
display device of the present disclosure without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention covers the modifications and varia-
tions of this invention provided they come within the scope of
the appended claims and their equivalents.

The invention claimed is:

1. A liquid crystal display device, comprising:

first and second substrates facing and spaced apart from
each other;

a gate line and a data line on an inner surface of the first
substrate, the gate line and the data line crossing each
other to define a pixel region;

a common line parallel to and spaced apart from the gate
line in a plan view;

athin film transistor connected to the gate line and the data
line;

a plurality of pixel electrodes and a plurality of common
electrodes in the pixel region, the plurality of pixel elec-
trodes and the plurality of common electrodes alternat-
ing with each other;

a color filter layer on an inner surface of the second sub-
strate, the color filter layer including red, green and blue
color filters;

ablack stripe and a column spacer on the color filter layer,
the black stripe having a first thickness and the column
spacer having a second thickness greater than the first
thickness, and the black stripe corresponding to the gate
line;

a patterned retarder on an outer surface of the second
substrate, the patterned retarder including first and sec-
ond regions alternating with each other, wherein the
black stripe corresponds to a border portion between the
first and second regions and is disposed between the first
substrate and the second substrate to block a cross-talk
caused by mixing of images of the first and second
regions, and wherein the patterned retarder includes a
base film and a retardation material layer directly on the
base film without an intervening light shielding pattern;
and

a liquid crystal layer between the first and second sub-
strates,

wherein the black stripe completely covers the gate line,
the common line and a gap region between the gate line
and the common line in a plan view, and the black stripe
is parallel to the gate line and crosses the data line.

2. The device according to claim 1, further comprising an
overcoat layer between the color filter layer and the black
stripe, the overcoat layer having a flat top surface.

3. The device according to claim 1, wherein the black stripe
and the column spacer include an organic material having a
black pigment.

4. The device according to claim 1, further comprising

an auxiliary common line extending from the common line
and parallel to the data line,

wherein one of the plurality of common electrodes shields
a gap region between the data line and the auxiliary
common line and overlaps the data line and the auxiliary
common line.

5. The device according to claim 4, further comprising:

an auxiliary pixel pattern connected to ends of the plurality
of pixel electrodes and connected to a drain electrode of
the thin film transistor; and
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an auxiliary common pattern connected to ends of the

plurality of common electrodes and connected to the

auxiliary common line.

6. A three-dimensional image display system, comprising:

a liquid crystal display device comprising:

first and second substrates facing and spaced apart from
each other;

a gate line and a data line on an inner surface of the first
substrate, the gate line and the data line crossing each
other to define a pixel region;

acommon line parallel to and spaced apart from the gate
line in a plan view;

a thin film transistor connected to the gate line and the
data line;

aplurality of pixel electrodes and a plurality of common
electrodes in the pixel region, the plurality of pixel
electrodes and the plurality of common electrodes
alternating with each other;

a color filter layer on an inner surface of the second
substrate, the color filter layer including red, green
and blue color filters;

a black stripe and a column spacer on the color filter
layer, the black stripe having a first thickness and the
column spacer having a second thickness greater than
the first thickness, and the black stripe corresponding
to the gate line; and

a liquid crystal layer between the first and second sub-
strates; and

a patterned retarder on an outer surface of the second

substrate, the patterned retarder including first and sec-

ond regions alternating with each other,

wherein the black stripe corresponds to a border portion

between the first and second regions and is disposed

between the first substrate and the second substrate to
block a cross-talk caused by mixing of images of the first
and second regions,

wherein the patterned retarder includes a base film and a

retardation material layer directly on the base film with-

out an intervening light shielding pattern, and

wherein the black stripe completely covers the gate line,

the common line and a gap region between the gate line

and the common line in a plan view, and the black stripe
is parallel to the gate line and crosses the data line.

7. The system according to claim 6, further comprising an
overcoat layer between the color filter layer and the black
stripe, the overcoat layer having a flat top surface.

8. The system according to claim 6, wherein the black
stripe and the column spacer include an organic material
having a black pigment.

9. The system according to claim 6, wherein the liquid
crystal display device includes odd and even pixel rows, and
the first and second regions correspond to the odd and even
pixel rows, respectively.

10. The system according to claim 6, wherein the liquid
crystal display device further comprises:

an auxiliary common line extending from the common line

and parallel to the data line,

wherein one of the plurality of common electrodes shields

a gap region between the data line and the auxiliary

common line and overlaps the data line and the auxiliary

common line.

11. The system according to claim 10, wherein the liquid
crystal display device further comprises:

an auxiliary pixel pattern connected to ends of the plurality

of pixel electrodes and connected to a drain electrode of

the thin film transistor; and
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an auxiliary common pattern connected to ends of the
plurality of common electrodes and connected to the
auxiliary common line.

12. The system according to claim 6, further comprising a
pair of glasses, images from the liquid crystal display device
passing through the patterned retarder and then selectively
passing through the pair of glasses.

13. A method of fabricating a liquid crystal display device,
comprising:

forming a gate line and a data line on a first substrate, the

gate line and the data line crossing each other to define a
pixel region;

forming a common line parallel to and spaced apart from

the gate line in a plan view;

forming a thin film transistor connected to the gate line and

the data line;

forming a plurality of pixel electrodes and a plurality of

common electrodes in the pixel region, the plurality of
pixel electrodes and the plurality of common electrodes
alternating with each other;
forming a color filter layer on a second substrate, the color
filter layer including red, green and blue color filters;

forming a black stripe and a column spacer on the color
filter layer, the black stripe having a first thickness and
the column spacer having a second thickness greater
than the first thickness;

attaching the first and second substrates such that the black

stripe is between the first and second substrates and the
black stripe corresponds to the gate line;

attaching a patterned retarder on an outer surface of the

second substrate, the patterned retarder including first
and second regions alternating with each other, wherein
the black stripe corresponds to a border portion between
the first and second regions and is disposed between the
first substrate and the second substrate to block a cross-
talk caused by mixing of images of the first and second
regions, and wherein the patterned retarder includes a
base film and a retardation material layer directly on the
base film without an intervening light shielding pattern;
and

forming a liquid crystal layer between the first and second

substrates,

wherein the black stripe completely covers the gate line,

the common line and a gap region between the gate line
and the common line in a plan view, and the black stripe
is parallel to the gate line and crosses the data line.

14. The method according to claim 13, further comprising
forming an overcoat layer between the color filter layer and
the black stripe, the overcoat layer having a flat top surface.

15. The method according to claim 13, wherein forming the
black stripe and the column spacer comprises:

coating a photosensitive organic material having a black

pigment on the color filter layer to form a black photo-
resist layer;

irradiating a light onto the black photoresist layer through

aphotomask having a blocking area, a transmissive area
and a half-transmissive area; and

developing the black photoresist layer to form the black

stripe and the column spacer.

16. The method according to claim 15, wherein the black
photoresist layer has a negative photosensitive type, and
wherein the transmissive area corresponds to the column
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spacer, the half-transmissive area corresponds to the black
stripe and the blocking area corresponds to a portion where
the black photoresist layer is removed.

17. A method of fabricating a three-dimensional image
display system, comprising:

forming a gate line and a data line on a first substrate, the

gate line and the data line crossing each other to define a
pixel region;

forming a common line parallel to and spaced apart from

the gate line in a plan view;

forming a thin film transistor connected to the gate line and

the data line;

forming a plurality of pixel electrodes and a plurality of

common electrodes in the pixel region, the plurality of
pixel electrodes and the plurality of common electrodes
alternating with each other;
forming a color filter layer on a second substrate, the color
filter layer including red, green and blue color filters;

forming a black stripe and a column spacer on the color
filter layer, the black stripe having a first thickness and
the column spacer having a second thickness greater
than the first thickness;

attaching the first and second substrates such that the black

stripe is between the first and second substrates and the
black stripe corresponds to the gate line;

forming a liquid crystal layer between the first and second

substrates; and
attaching a patterned retarder on an outer surface of the
second substrate, the patterned retarder including first
and second regions alternating with each other,

wherein the black stripe corresponds to a border, portion
between the first and second regions and is disposed
between the first substrate and the second substrate to
block a cross-talk caused by mixing of images of the first
and second regions,

wherein the patterned retarder includes a base film and a

retardation material layer directly on the base film with-
out an intervening light shielding pattern, and

wherein the black stripe completely covers the gate line,

the common line and a gap region between the gate line
and the common line in a plan view, and the black stripe
is parallel to the gate line and crosses the data line.

18. The method according to claim 17, wherein forming the
black stripe and the column spacer comprises:

coating a photosensitive organic material having a black

pigment on the color filter layer to form a black photo-
resist layer;

irradiating a light onto the black photoresist layer through

aphotomask having a blocking area, a transmissive area
and a half-transmissive area; and

developing the black photoresist layer to form the black

stripe and the column spacer.

19. The method according to claim 18, wherein the black
photoresist layer has a negative photosensitive type, and
wherein the transmissive area corresponds to the column
spacer, the half-transmissive area corresponds to the black
stripe and the blocking area corresponds to a portion where
the black photoresist layer is removed.
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